Abstract The reaction of diaminoglyoxime with aldehyde and ketone derivatives in the presence of p-toluene sulphonic acid in H 2 O-MeOH mixture at room temperature afforded nitrone derivatives in high yields within 10-140 min. The applicability of ketones in this reaction for the preparation of novel nitrones has been verified. The effect of the temperature on the stability of the structural isomers of the products has been studied by NMR as well. The results showed that, at high temperatures only one product could be observed. The nature of solvent and catalyst were evaluated and found that the strong acids H 2 SO 4 and CF 3 SO 3 H in protic solvent CH 3 OH work well while neither CH 3 SO 3 H in protic solvent nor p-toluene sulphonic acid in aprotic solvents toluene and THF perform the same reactions.
Introduction
Nitrones as the 1,3-dipolar species are valuable intermediates in organic synthesis [1] . Thermal cycloaddition reactions of nitrones with multiple bond systems is an efficient strategy for providing various heterocyclic fivemembered ring systems [2] [3] [4] [5] . On the other hand, they are source of new heterocyclic compound via ring opening reactions [6] [7] [8] . Under facial concerted [ g 4 s ? g 2 s ] cycloaddition reaction, nitrones react with acetylenes and olefins to yield isoxazolines and isoxazolidines, respectively. Furthermore, due to the stability of resulting nitroxide radicals and ease of chemical modification [9] , nitrones have important biological activity [10] [11] [12] . Nitrones are not only useful to understand age-related disease processes but also serendipitously have proven to be candidate for therapeutics in some cases [13] . A number of reports have appeared on the chemistry of 1,3-dipolar species, with special emphasis on their cycloaddition reaction with multiple bonds [14] . The cycloadducts of di-and tri-arylimidazoline-3-oxides [15] with a variety of dipolarophiles [16] [17] [18] [19] [20] [21] give interesting biologically active heterocyclic compounds [22] . The 1, 3-dipolar cycloaddition of imidazolin-3-oxides was shown to proceed regio-and diasteroselectivity and interesting reactions of these adducts under various conditions such as the double cis elimination they undergo in the presence of dialkylamines was reported [23, 24] .
The most common procedures for the preparation of nitrones include oxidation of secondary amines or N,Ndisubstituted hydroxylamine or condensation reaction between aldehydes or ketones with N-monosubstituted hydroxylamines [25, 26] . To the best of our knowledge, there are two known cases in the literature reported by G-Q Chen et al. [27, 28] in which 3,4-diaminoglyoxime, DAG, has acted as amine source for the synthesis of nitrones. In those cases the reaction of benzaldehyde derivatives and DAG has been carried out in anhydrous ethanol in the presence of p-toluene sulphonic acid (p-TSA) at 55-65°C within 6-28 h. Herein, we wish to extend the previously published methodology for the preparation of novel nitrones from DAG and cyclic or acyclic ketones and modify the reaction conditions for both ketones and aldehydes. Accordingly, a modified green method for the reaction of DAG with both benzaldehydes and ketones is reported in H 2 O/MeOH mixture at room temperature in the presence of a strong acid for much shorter reaction times.
Results and discussion
The chemistry of DAG is of great interest because of the fact that it involves two different reactive functional groups, amine and oxime, that have been repeated twice. One or more functional groups in DAG may react, as expected, with other appropriate functional groups such as aldehydes in different manners and, therefore, totally different products may result. From the theoretical point of view, DAG can perform condensation reaction with aldehyde and ketone in a number of ways. It can react, for instance, (1) in 2:1 molar ratio to get a bis-Schiff bases (I, IV), (2) in 1:1 molar ratio between two NH 2 of DAG and -COH to reach five-membered ring heterocycles (II, V) and (3) in 1:1 molar ratio between NH 2 and oxime functional groups of DAG and -COH to obtain nitrones (III, VI) as shown in Scheme 1.
However, it was found that the nitrones are prepared in the presence of p-TSA, as catalyst, under the reaction conditions applied, as shown in Scheme 2.
The condensation reaction of DAG was initially performed in the absence of p-TSA using benzaldehyde or cyclohexanone in methanol-water (30:70) mixture at room temperature and the progress of the reaction was monitored by TLC. A slow condensation reaction was noticed. Then, they were performed in the presence of p-TSA and, after the completion of the reaction, the corresponding nitrones were isolated as white precipitate within 10-140 min in 83 and 95 %, respectively. It became clear to us that the anhydrous condition is not mandatory, as was applied earlier, and the reaction works well in H 2 O/MeOH solvent at room temperature. The same procedure was successfully applied to the other aldehydes (2) and ketones (4) and the expected nitrones 3a-i and 5a-e were isolated in good yields (Table 1 ). It was found that higher yields could be achieved for the aromatic aldehyde derivatives involving electron donating group, as shown in Table 1 .
Considering the proposed mechanism by G-Q Chen et al. for the reaction of DAG and benzaldehyde derivatives, we suggest a similar reaction mechanism for ketones as shown in the scheme 3. Firstly, the protonated carbonyl in ketone derivatives is attacked by the nitrogen atom of one of the amino groups of 3,4-diaminoglyoxime 1, and the C=N functional group is formed by deprotonation and dehydration. Subsequently, the nitrogen in the newly formed C=N bond is protonated, followed by the nucleophilic attach by the oxime nitrogen atom, and the fivemembered heterocyclic ring is formed. By deprotonation, the final products 5(a-e) are obtained.
The structure of nitrones 3(a-i) and 5(a-e) were determined by IR, 1 HNMR, 13 CNMR and mass spectra. In the IR spectra 3(a-i) strong absorption bands at 2,883-2,892 cm
can be observed which should be assigned to the C-H in imidazole ring and 1,450-1,650 cm -1 for the benzene ring. In addition, in the 13 C spectra of nitrones 5(a-e) characteristic peaks in the 80-100 ppm region can be observed, which As noticed for the nitrone products obtained from aldehyde derivatives, the number of 13 C peak observed for the nitrones resulted from ketones are almost double of those expected in the static 13 C NMR spectra. This might be due to the Z-E isomerization of HO-N=C-NH segment via either tautomerization followed by rotation or nitrogen inversion of the hydroxyimino group shown for 5b. (Scheme 4) Similar isomerization pathway could be considered for the other nitrone derivatives 3 and 5.
To investigate the unexpected number of NMR peaks in the obtained nitrone derivatives, dynamic NMR studies were undertaken. So, the effect of heat treatment on the 1 H NMR and 13 C NMR spectra was monitored. The 1 H-and 13 C NMR spectra for 3b and 5b showed the presence of two isomers of nitrones at room temperature. The 1 H-and 13 C NMR spectra were recorded again after heating the samples at 100°C for 1 h and cooling down the sample to room temperature. As shown in Fig. 1 and 2 , only one isomer was noticed in each case, after heat treatment. This is probably due to the thermal stability of the Z-isomer over the E-isomer of nitrone [27, 28] . Based on the chemical shifts of the observed peaks, after heat treatment, one can specify which set of peaks in the NMR spectra of Z-E mixtures are due to each of the isomers. This method has been followed to analyze the NMR spectral data in ''Experimental'' section. The reaction of aldehyde 2c and DAG was performed in the various protic and aprotic solvents to evaluate the role of the solvent on the reaction. It was found that MeOH and H 2 O showed good and low yields, respectively, and their mixtures showed less yields than MeOH (Table 2) , while no progress was detected in THF or toluene even after 24 h.
In addition, the reaction of 2c and DAG in MeOH/H 2 O solvent was investigated in the presence of other acids such as H 2 SO 4 , CF 3 SO 3 H and CH 3 SO 3 H as the catalyst (Table 3 ). It was found that the H 2 SO 4 and CF 3 SO 3 H work better than p-TSA in a much shorter period of time while the weaker acid CH 3 SO 3 H was found to be unreactive.
Conclusions
In summary, the present procedure provides an example of green chemistry methodology for the synthesis of 2,5-dihydro-1H-imidazole 3-oxides and 1,4-diazaspiro[4.n]dec-1-ene 1-oxides (n = 4-6) involving an amine and an oxime functional groups at 4 and 5 positions in protic solvent MeOH or H 2 O/MeOH with high yields within 1-2 h using p-TSA, H 2 SO 4 or CF 3 SO 3 H as catalyst. The resulting nitrones are highly potent for the preparation of fused ring heterocyclic compounds by the application of 1,3-dipolar cycloaddition reactions. In addition, the amine and oxime functional groups in the nitrone derivatives can be applied for the generation of new fused ring heterocycles. Therefore, they are expected to find important applications in the synthesis of novel fused ring systems. This proposal is under investigation and the results will be published elsewhere. In comparison to the previously reported methodology for the preparation of the under-discussion nitrones there are some advantages for the current modification including (1) synthesis of a new class of nitrones with the ketones, (2) application of a green procedure by the usage of H 2 O as solvent, (3) improvement of the reaction yields, (4) application of mild reaction conditions and (5) avoiding long reaction times. Finally, the effect of the Heat treatment on the stability of the structural isomers of the products has been studied as well.
Experimental
All the reagent and solvents were obtained from Merck (Germany) and were used without further purification. DAG was prepared according to the literature procedure 17 . Melting points were measured on an Electrothermal 9100 apparatus. Mass spectra were recorded on a FINNIGAN-MAT 8430 mass spectrometer operating at an ionization potential of 70 eV.
1 H and 13 C NMR spectra were recorded on a Bruker DRX-300 Advance spectrometer at 300.13 and 75.47 MHz, respectively. NMR spectra were obtained in DMSO-d 6 using TMS as internal standard.
General procedure for the preparation of nitrones 3,4-Diaminoglyoxime (0.12 g, 1 mmol), benzaldehyde derivatives(1.2 mmol) or ketones (1.2 mmol) and p-toluene sulphonic acid (p-TSA) (0.034 g, 0.2 mmol) were added to a solution of water:methanol (70:30, 5 ml), and the mixture was stirred at room temperature for appropriate time. The progress of the reaction was monitored by TLC (ethyl acetate/n-hexane 7:3). Then, the reaction mixture was filtered off and the precipitate was washed with methanol-water and dried. Z Z and 
